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Synopsis 
COREX' is an alternative process of producing liquid iron using oxygen and non-coking 
coal. The process is physically divided into two reactors, namely, the reduction shaft and 
the melter gasifier. Reduction shaft is placed above the melter gasifier for easy descent 
of material under gravity. Iron ore and/or pellets are charged at the top of the reduction 
shaft. A highly reducing gas mixture a t  -850 "C is blown through the bottom of the 
furnace. This reduces the ore/pellets to almost 90-95% metallized iron, normally known 
as directly reduced iron (DRI), which is then charged directly to the melter gasifier. Coal 
a t  room temperature is charged from a separate line. The melter gasifier is a dome shaped 
counter-current reactor, which can be functionally divided into four reaction zones. The 
bottom most part is hearth, which holds liquid metal and slag. The DRI, coal and other 
solids together form a moving bed of height - 6.5 m above the hearth. The fines in the 
charge form a fluidized bed above the moving bed. The upper most part of the melter 
gasifier is the free board where the combustion of coal fines takes place by the secondary 
injection. The oxygen injected through the tuyere burns the coal-char and the generated 
heat melts the iron. 
Although there are significant difference between the COREX and most common iron 
making process, namely blast furnace, the modeling techniques and the methodology are 
similar. Hence a brief review of the blast furnace modeling followed by the published work 
on the COREX process is presented in Chapter 1. The principal objective of the present 
study is to improve the scientific understanding about the process and to overcome some of 
the problems faced in operating the plant. Towards this end three different mathematical 
models have been developed. In all the three models, the top most part, i.e. the free board 
zone is modeIed as 0-dimensional, fluidized bed as one-dimensional and the top part of 
the moving bed as one-dimensional. The lower part of the moving bed, where combustion 
takes place is modeled as two-dimensional in one model and three dimensional in another 
model. In addition, a dynamic model is also developed, which is an extension of the former 
one (two-dimensional at  the lower part). 
The model aims at  predicting the temperature, composition and velocity fields of dif- 
ferent phases inside it. The major phenomena occurring in the furnace are counter-current 
flow of solids, liquid and gas along with the heat and mass transfer between them and 
chemical reactions. The model solves the conservation equations of mass, momentum, heat 
and chemical species. The coupled differential equations defining the transport equations 
are solved numerically by control volume technique with an iterative scheme. The model 
accounts for the multiphase convective (surface) heat transfer between gas, solids and liq- 
uid after melting of DRI and only gas-solid heat transfer before melting. Since the initial 
charging temperatures of the solids differ by more than 400 "C, the radiative heat transfer 
between the solids has also been considered. It considers the heterogeneous reactions like 
char burning and gasification, reduction of iron oxide, calcination and water gas reaction. 
Pyrolysis of coal and subsequent cracking of the volatiles are also taken into account. 
The steady state model is proposed in Chapter 2. The measured data within the 
furnace are not available; hence, the model has been validated only at the two end points, i.e. 
the chemistry and the temperature of the top gas and the tapped hot metal temperature. 
The plant operation data for 30 days are used to validate the model and it was found 
that the simulated and experimental data agree favorably. It predicts relatively high gas 
temperature in the combustion zone (> 3000 "C). The simulation also shows that the 
radiation between the solids plays an important role in the upper part of the moving 
bed. Further the model is extended to study the effect of different parameters like moving 
bed height, injection of impure 02, char reactivity and coal chemistry on the hot metal 
temperature. A decrease in the bed height of 0.5 m lowers the hot metal temperature by 
- 70°C whereas the others have negligible effects on the hot metal temperature. 
Chapter 3 presents the dynamic model i.e. the time dependent behaviour of the 
furnace. This model is an extension of the steady state model described in chapter 2. 
Semi-implicit scheme is adopted to solve the unsteady conservation equations. The model 
studied the shutdown and restart condition of the furnace. During plant operation, after 
blow-on, the furnace passes through a transient state for a significant period of time before 
reaching steady state. The dynamic model has been validated with a 'restart of the furnace 
after a shutdown operation' for two cases. In one case the shutdown time was 3 hours 20 
iii 
minutes and then the furnaces restarted, in the other case the shutdown time was 2 hours 
47 minutes. Then the model is used to simulate the effect of pulse and step disturbances on 
the response time of the furnace. The pulse disturbance is introduced by increasing the O2 
flow rate by 15% for a period of 3 minutes. The response of a pulse disturbance reflects the 
stability of the system. The step change is given by increasing the mass flow rates of all the 
inputs in order to achieve higher productivity. Both these studies show an initial increase 
in the temperature of both the hot metal and top gas, which decays asymptotically and 
reach the steady state. The dynamic model predicts a low response time (N 2-3 hours). 
Chapter 3 closes with the study of the transient behaviour due to  the tapping sequence. 
The char bed in the COREX melter gasifier floats over the slag and liquid metal. During 
tapping the bed sinks which leads to  a periodic change in the temperature of the hot metal 
and temperature and composition of top gas. 
The 3-D multiphase mathematical model of the combustion zone is presented in chap- 
ter 4. I t  takes into account the effect of gas drag and gravity force on the liquid flow field. 
The gas flow vectors show predominantly radial flow close to the tuyere. However, as 
the gas moves further inside in the bed it takes the longitudinal path. The simulation 
shows that the combustion zone arising from two consecutive tuyeres do not overlap which 
indicates to the necessity of the 3-D model. 
The temperature distribution of gas shows that over a substantial domain of the 
combustion zone the gas temperature is very high ( m  3000 "C). Although pure O2 is injected 
here, the size of the combustion zone is N 1.2 to  1.4 m, which is of the same order that 
in blast furnace. The simulation shows presence of high temperature oxidizing atmosphere 
adjacent to the furnace wall. This is corrosive for the refractory bricks and could be one 
of the reasons for failure of refractory in the combustion zone as reported by the operating 
plant. The oxidizing atmosphere near the wall can be reduced significantly by increasing 
the penetration depth of the tuyere t o  N 150 mm. 
It was observed that even during normal operation of the furnace, over a few taps the 
metal temperature dropped suddenly by more than 70-80 "C. Channeling due to formation 
of unstable char bed is suspected to be the one of the causes for temperature drop. The 
3-D model simulates the fluid flow and the temperature distribution during channeling. 
It predicts that the hot metal temperature drops more than 100°C and the actual effect 
depends on the affected area of the channeling. 
Chapter 4 closes with the results of tuyere blocking. Often i t  is required to operate 
the furnace by blocking one or two tuyeres. The blocking of tuyere could be because of 
tuyere damage or interrupted supply of raw materials and leads to low production rates. 
This simulation predicts that there exists an asymmetry in the flow fieId, temperature 
and composition distribution of solid, liquid and gas in the environs of the blocked tuyere. 
However, the drop in the average temperature of metal is found to be insignificant. Hence, 
blocking of one/two tuyeres does not affect the operation of the furnace significantly. The 
thesis concludes with a summary. 
